Objective: Neonates admitted to the Neonatal Intensive Care Unit (NICU) are at high-risk of developing nosocomial infection. Ongoing infectious disease surveillance is essential to minimise the occurrence of nosocomial infection. To determine the incidence of nosocomial infection, distribution of pathogens, associated risk factors and outcomes, we evaluated a cohort of 263 neonates who were admitted to NICU from Methods: The Singapore General Hospital neonatal database was tapped into to obtain information on all nosocomial infections that occurred during the review period. The inpatient case notes of these infants were reviewed, detailed data on epidemiology of infection, results of blood and cerebral spinal fluid culture were collected; associated risk factors and outcomes were evaluated. results: Out of 255 neonates who were analysed, 20 infants (7.8%) developed nosocomial infection. The vast majority of infections (85%) were caused by Gram-positive organisms with coaugulase-negative Staphylococci accounting for 55% infection. Birth weight and gestational age were inversely related to rate of infection (13% of very low birth weight infants [VLBW] versus 4.1% of non-VLBW infants). Among VLBW infants, prolonged mechanical ventilation, central line insertion and chest tube insertion were associated with an increased rate of late-onset sepsis (LOS). Neonates with LOS had a significantly prolonged hospital stay (mean length of stay 84 days versus 54 days). The mortality rate for nosocomial sepsis was 5%.
bACKGrOUND AND AIMS
Neonates admitted to NICU are at a higher risk of developing nosocomial infections. Late-onset sepsis (LOS) remains a frequent and significant cause of morbidity and mortality among premature infants with very low birth weight (VLBW; ≤1500g). The risk of LOS increases with decreasing birth weight and gestational age. Ongoing infectious disease surveillance is essential to minimise the occurrence of nosocomial infections. Effective strategies to prevent nosocomial infection require a comprehensive study of epidemiology, patient and environmental risk factors and outcomes. Reasons for developing nosocomial infection are multi-factorial and may be unit specific. Specific targets for improvement should be based on understanding the epidemiology of nosocomial sepsis within the unit's own environment.
To determine the incidence of nosocomial infections, distribution of pathogens, associated risk factors and outcomes, we evaluated a cohort of 263 neonates who were admitted to NICU between May 2005 and May 2007.
MEtHODS
The Singapore General Hospital neonatal database was tapped into to obtain information on all nosocomial infections that had occurred in NICU from May 2005 until May 2007. The inpatient case notes of these infants were reviewed. For each infant, a pre-structured form was filled in. The data collected includes parental demographic details, maternal pregnancy history and antenatal care, details of the delivery, the infant's status at delivery, Proceedings of Singapore Healthcare  Volume 21  Number 4  2012 diagnoses, procedures and complications during hospitalisation and the outcome at discharge. LOS was defined as positive microbial growth on one or more bloodstream cultures or any sterile body fluid obtained after 72 hours of life with accompanying clinical signs of sepsis. As our aim was to study the nosocomial infections, neonates who died or were transferred to other hospitals within 72 hours of life were excluded. Detailed data on epidemiology of infections, results of full blood count, C-reactive protein, blood and cerebral spinal fluid culture were collected. The number of episodes of LOS, the age at infection(s) and organisms were recorded. The infants with positive blood stream culture for coagulase negative Staphylococci were included only if they showed signs of sepsis and were treated with intravenous antibiotics; associated risk factors like mechanical ventilation, indwelling lines, use of total parental nutrition, use of antibiotics and outcomes were evaluated. The study protocol was approved by the Singapore General Hospital Institutional Review Board. In view of the retrospective and observational nature of the study with no interventions performed, the need for informed consent was waived.
StAtIStICAL ANALYSIS
Differences between the groups of infants with and without LOS regarding the mean duration of mechanical ventilation, oxygen supplementation and hospital stay were compared by a two-sample t test. The association between potential risk factors and the incidence of LOS was tested by a χ 2 test. Considering the strong correlation between birth weight and gestational age, a logistic regression model was fitted to assess the net effect of each independent variable on the risk of developing LOS.
rESULtS

Epidemiology of Late Onset Sepsis
Between May 2005 and May 2007, a total of 263 neonates were admitted to NICU. Eight neonates were excluded and 255 infants were analysed. Out of 255 neonates, 108 (42.4%) were very low birth weight infants (VLBW; BW ≤1500g) and 147 (57.6%) were non-VLBW infants (BW >1500g). Table 1 shows the characteristics of VLBW infants. The incidence of nosocomial infection was 7.8% per NICU admission or 2.3 per 1000 hospital days. The incidence of nosocomial meningitis was 0.4% per NICU admission or 0.12 per 1000 hospital days. Twenty-seven percent of infants had one or more blood cultures obtained after day three. Out of these, 17 infants (24.6 %) had a positive blood culture, one infant had a positive CSF culture, one infant had a positive urine culture and one infant had positive pus culture (localised abscess). The majority of infants, 16 of them (80%) had a single episode, whilst another four (20%) had two episodes. Thirteen percent of VLBW infants compared with 4.1% of non-VLBW infants had nosocomial infections. Children with lower birth weight were more likely to have more episodes. Amongst VLBW infants, 10.2% had one episode and 2.8% had two episodes. Amongst non-VLBW 
Pathogen Distribution
The vast majority of nosocomial infections were caused by Gram-positive organisms (85%). Figure  1 shows the distribution of pathogens. Coagulasenegative Staphylococci (CONS) was the most common pathogen isolated (55% with an increased rate of late-onset nosocomial infections (P <0.05; Table 3 ). Infants with LOS had longer duration (mean ± standard deviation) of mechanical ventilation and longer duration of central line (12.5 ± 3.2 vs 3.7 ± 0.9 days and 34.1 ± 5.6 vs 18.6 ± 1.5 days, respectively; P <0.01; Table  4 ). The impacts on duration of hospital stay and mortality rate were evaluated. Neonates with late onset sepsis had a significantly prolonged hospital stay (mean length of stay 85 versus 54; P=0.001; Table 4 ). The mortality rate for nosocomial sepsis was 5%. Logistic regression analysis, after adjusting for birth weight and gestational age revealed that none of the risk factors were independently associated with increased risk of LOS (data not shown).
DISCUSSION
The present report has evaluated a cohort of 263 neonates admitted to NICU, mainly representing VLBW infants in Singapore General Hospital during the study period. Our study has described the burden of LOS in a tertiary neonatal unit over a two-year period with a specific focus on nosocomial bacterial infection and potential risk factors. In our study, logistic regression analysis, after adjusting for birth weight and gestational age revealed that none of the risk factors were independently associated with the increased risk of LOS. Few other studies have examined potential risk factors for infection and have identified , and therefore the rate of LOS, by establishing and adhering to evidence-based guidelines. They focused not only on restricting CVC use but also on ensuring the use of proper techniques for their placement and management. Other potentially promising interventions for prevention of LOS include early enteral feeding, probiotics and the use of vancomycin catheter locks for the prevention of CLABSI. Because poor bacterial gut colonisation secondary to prematurity and antibiotic exposure may increase the risk of infection, therapeutic colonisation of the neonatal gut with probiotic organisms may help to prevent LOS. However, studies using different combinations of Lactobacillus species, Bifidobacterium species and Streptococcus thermophilius have been inconclusive 13 . The randomised control trial by Dejonge M et al 14 has shown that the use of INH-A21, an intravenous immune globulin (IGIV) derived from donors with high titers of antibody to surface adhesins of Staphylococcus epidermidis and S aureus failed to reduce the incidence of Staphylococcal LOS in premature infants.
CONCLUSION
This study documents the high prevalence of nosocomial infections in neonates admitted to NICU, particularly VLBW infants. LOS remains a frequent and major problem among VLBW infants. Gestational age and birth weight are the strongest predictors of LOS. Identification of VLBW infants who are at high-risk for LOS and early detection of LOS remain the keys to successful management of this condition.
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